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RUJDQV :LQWHUPDQWHO DQG +D  &HOO FDUULHU V\VWHPV RI HOHFWURVSXQ SRO\DPLGH 3$ QDQRILEHUV KDYH JUHDW
SRWHQWLDOVLQFHWKH\RIIHUDIDYRUDEOHUDWLRRIVXUIDFHDUHDWRYROXPHDQGKLJKPHFKDQLFDOVWDELOLW\6HYHUDOVWXGLHV
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6WXGLHV RQGLIIHUHQW FHOO FDUULHU V\VWHPVRI HOHFWURVSXQSRO\PHUV KDYH DOUHDG\ VKRZQ WKDW WKH JURZWK DQG
SUROLIHUDWLRQRIVHWWOHGFHOOVDUHFRQWUROOHGE\GLUHFWPRGLILFDWLRQRI WKHVXUIDFHRI WKHVXSSRUW V\VWHP/LPHWDO




ODVHUPDFKLQLQJZLWK SXOVH GXUDWLRQV LQ WKH QDQRVHFRQG UDQJHXOWUDIDVW SURFHVVLQJZLWK IHPWRVHFRQGODVHU SXOVHV
RIWHQ WDNHVSODFHZLWKRXWVXEVWDQWLDOKHDW WUDQVIHU WR WKHVXUURXQGLQJPDWHULDO :XHWDO7RGD\XOWUDYLROHW
XYSLFRVHFRQGSV ODVHUVDUHUHOLDEOHDQGFRPSDUDEO\FRPSDFWV\VWHPVIRU LQGXVWULDOPLFURPDWHULDOSURFHVVLQJ











2.2. Picosecond laser ablation 








7KH SURFHVVHG VDPSOHV ZHUH HYDOXDWHG ZLWK YDULRXV PLFURVFRSLF WHFKQLTXHV 6FDQQLQJ HOHFWURQ PLFURVFRSH
6(0LPDJHVZHUHWDNHQZLWKD3KHQRP/277KHVDPSOHVZHUHFRDWHGZLWKWKLQOD\HUVRIFDUERQRUSODWLQXP
)RURSWLFDOPLFURVFRS\DQ2O\PSXVPLFURVFRSH%;ZLWKDFDPHUD6&ZDVXVHG
2.4. Contact angle / Wettability 
7RTXDQWLI\WKHVXUIDFHZHWWDELOLW\ WKHZDWHUFRQWDFWDQJOHRIVHVVLOHGURSVZDVPHDVXUHGDWURRPWHPSHUDWXUH
DQGXQGHUDPELHQWDLUFRQGLWLRQVXVLQJDGURSVKDSHDQDO\]HU'6$(.UVV6HVVLOHGURSVZHUHFRPSULVHGRI
OGHLRQL]HGZDWHUDQGZHUH UHOHDVHGRQWR WKH VXEVWUDWH VXUIDFH WKURXJKD POPPGLDPHWHU V\ULQJHDQG
REVHUYHGE\DFDPHUD
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           
7KHPRGHO SURYLGHV UHDOLVWLF WKUHVKROG IOXHQFHV IRU VLQJOH SXOVH DEODWLRQ %HQ<DNDU DQG%\HU 7\SLFDO
VLQJOH SXOVH DEODWLRQ VSRWV RI WKH QDQRILEHU WLVVXH DUH VKRZQ LQ )LJ  ,W LV HYLGHQW WKDW WKH DEODWLRQ VSRW VL]H
GHFUHDVHVZLWKWKHIOXHQFH7KHWKUHVKROGIOXHQFHRISRO\DPLGHQDQRILEHUVDWVLQJOHSXOVHDEODWLRQZDVGHULYHGIURP




DQG %\HU  $FFRUGLQJ WR %RQVH HW DO  WKH PDWHULDOGHSHQGHQW FRHIILFLHQW ȟ (T  GHVFULEHV WKH
UHODWLRQVKLSEHWZHHQVLQJOHSXOVHDEODWLRQWKUHVKROGDQGPXOWL1SXOVHDEODWLRQWKUHVKROG
ܨ௧௛ሺܰሻ ൌ ܨ௧௛ሺܰ ൌ ͳሻܰకିଵ         






















VXUIDFH 6FDWWHUHG SKRWRQV FDQ EH DEVRUEHG E\ QHLJKERULQJ ILEHUV DQG FDXVH GLUHFW DEODWLRQ RU LQFXEDWLRQ ,Q






3.2. Ablation under wet and immersed condition 










7KH DEODWLRQ WKUHVKROG RI SRO\DPLGH QDQRILEHUV XQGHU LPPHUVHG FRQGLWLRQ FRXOG RQO\ EH QDUURZHG
SKHQRPHQRORJLFDOO\)RU WKLVVTXDUHVZLWKDQHGJH OHQJWKRIPZHUHFUHDWHGE\ WKH ODVHUZLWKYDU\LQJSXOVH
HQHUJ\LQWKHUDQJHRIFDOFXODWHGODVHUIRFXVSRVLWLRQ'XHWRWKHZDWHUFROXPQDERYHWKHVDPSOHWKHIRFDOSRVLWLRQ
RI WKH ODVHU FKDQJHV DQG FRPSOLFDWHV WKH DFFXUDWHGHWHUPLQDWLRQRI WKH VLQJOHSXOVHGLDPHWHU7KH FRQWRXUVZHUH
JHQHUDWHGE\DERXWSXOVHVDWHDFKSRVLWLRQ7KHWKUHVKROGIOXHQFHFRXOGEHOLPLWHGWRDUDQJHIURPDERYH
-FPðQRDEODWLRQWREHORZ-FPð
3.3. Characterization of the ablated areas 































3.3.2. Heat affected zone 
,Q RUGHU WR RSWLPL]H FXWWLQJ DQG VWUXFWXULQJ RI QDQRILEHU WLVVXH VFDIIROGV WKH LQIOXHQFH RI GLIIHUHQW ODVHU
SDUDPHWHUVRQOLQHZLGWKVHGJHTXDOLW\KHDWDIIHFWHG]RQH+$=DQGWKHSROOXWLRQRIWKHILEHUVE\DEODWHGSDUWLFOHV
GHEULVZDVH[DPLQHG)RUWKHILUVWLQYHVWLJDWLRQRIWKHKHDWDIIHFWHG]RQHVKROHVZLWKSXOVHVDQGVTXDUHVZLWK
DQHGJH OHQJWKRIPZHUHFUHDWHGRQ WKHQDQRILEHUVVDPSOHV7KH ODVHU IOXHQFHZDVYDULHG7KHH[SHULPHQWV


















DQG  -FPð )RU HDFK VDPSOH WKH FRQWDFW DQJOHĬZDVPHDVXUHG IRU  VHFRQGVZLWK RQHPHDVXUHPHQW SHU
VHFRQG)RUUHIHUHQFHWKHFRQWDFWDQJOHVZHUHGHWHUPLQHGRQXQWUHDWHGVDPSOHV,Q)LJWKHUHVXOWVRIWKHFRQWDFW
DQJOH PHDVXUHPHQWV RI SRO\DPLGH EXON PDWHULDO DUH VKRZQ 7KH FRQWDFW DQJOHV RI WKH XQWUHDWHG VDPSOH ZDV
PHDVXUHGEHWZHHQDQG
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IOXHQFHV JHQHUDWH PRUH K\GURSKLOLF VXUIDFH FRQGLWLRQV ,Q DGGLWLRQ WR WKH VDPSOHV RI SRO\DPLGH EXON PDWHULDO
VDPSOHVRISRO\DPLGHQDQRILEHU WLVVXHVZHUHDOVRVWXGLHGZLWKUHVSHFW WR WKHLUZHWWLQJEHKDYLRU'XHWR WKHVPDOO








SRO\DPLGHQDQRILEHUV WKH FRQWDFW DQJOH WHQGV WR VKULQN VRRQDIWHUGURSOHW GHSRVLWLRQ+RZHYHU WKH FRQWDFW DQJOH
OHYHOHG RXW IRU DOO PHDVXUHPHQWV LQ WKH UDQJH RI  7KLV FRUUHVSRQGV WR WKH GHWHUPLQHG FRQWDFW DQJOH RI DQ
XQWUHDWHGRUQRQDEODWHGVDPSOH)XUWKHUVWXGLHVKDYHWREHSHUIRUPHGLQRUGHUWRREWDLQDVXLWDEOHVXUIDFHVWUXFWXUH
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IRUFRQWUROOLQJWKHZHWWLQJEHKDYLRUZLWKRXWDIIHFWLQJWKHSRURXVVXUIDFHVWUXFWXUHRIWKHILEHUVQHJDWLYHO\
&RQFOXVLRQV
$EODWLRQ WKUHVKROGV IRU VLQJOH SXOVHSURFHVVLQJRI HOHFWURVSXQSRO\DPLGH QDQRILEHU WLVVXHV LQGU\ DQGZHW
VWDWH DQG- FPðZHUHGHWHUPLQHGIRUQPODVHUDEODWLRQZLWKSLFRVHFRQGSXOVHV7KHVH OHYHOVDUH




,Q DGGLWLRQ WR D ORZHU WKUHVKROG IOXHQFH WKH SRO\DPLGH QDQRILEHUV VKRZ D ODUJHU DEODWLRQ DUHD WKDQ WKH EXON
PDWHULDO/LJKWVFDWWHULQJDQGRSWLFDOUDGLDWLRQIURPSURGXFHGSODVPDVKRXOGEHWDNHQLQWRDFFRXQW
3URFHVVLQJRIGU\QDQRILEHUWLVVXHVZLWKXYSVODVHUUDGLDWLRQLVSRVVLEOHZLWKVPDOOKHDWDIIHFWHG]RQHVHVSHFLDOO\
DW PRGHUDWH IOXHQFHV ZLWKRXW VWURQJ GHEULV IRUPDWLRQ 7KH TXDOLW\ RI ODVHU FXWV REWDLQHG ZLWK  QP SV ODVHU
UDGLDWLRQ LV YHU\ JRRG DQG FRPSDUDEOH WR UHVXOWV REWDLQHG ZLWK IHPWRVHFRQG ODVHU VRXUFHV DW RWKHU HOHFWURVSXQ
QDQRILEHUWLVVXHV&KRLHWDO/LPHWDO
)LUVWH[SHULPHQWVRQZHWWLQJEHKDYLRUDOVRVKRZWKDWLQFHUWDLQIOXHQFHUDQJHVWKHFRQWDFWDQJOHLQFUHDVHVERWK
IRU QDQRILEHUV DQG IRU EXONPDWHULDO )XUWKHU H[SHULPHQWV ZLOO VKRZZKHWKHU LW ZLOO EH SRVVLEOH WR RSWLPL]H WKH
ZHWWLQJEHKDYLRURIWKHQDQRILEHUVIRUDSRVVLEOHFHOOFRORQL]DWLRQ
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV FDUULHG RXW ZLWKLQ WKH SURJUDP Ä)RUVFKXQJ DQ )DFKKRFKVFKXOHQ ± )|UGHUOLQLH ,QJHQLHXU
1DFKZXFKV³).=)+,$DQGIXQGHGE\WKH)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%0%)
5HIHUHQFHV
$GRPDYLþLǌWơ ( 7DPXOHYLFLXV 7 6LPDWRQLV / )DWDUDLWq8UERQLHQq ( 6WDQNHYLFLXV 7 7DPXOHYLFLXV 6  0LFURVWUXFWXULQJ RI
HOHFWURVSXQPDWVHPSOR\LQJIHPWRVHFRQGODVHU0DWHULDOV6FLHQFH
%DXGDFK 6 %RQVH - .UJHU - .DXWHN: 8OWUDVKRUW SXOVH ODVHU DEODWLRQ RI SRO\FDUERQDWH DQG SRO\PHWK\OPHWKDFU\ODWH $SSOLHG
6XUIDFH6FLHQFH±
%HQ<DNDU$%\HU5/)HPWRVHFRQGODVHUDEODWLRQSURSHUWLHVRIERURVLOLFDWHJODVV-RXUQDORI$SSOLHG3K\VLFV





*HGYLODV05DFLXNDLWLV*  3URFHVVLQJ RI 3RO\PHUV E\893LFRVHFRQG/DVHUV ,QWHUQDWLRQDO&RQJUHVV RQ$SSOLFDWLRQV RI /DVHUV	
(OHFWUR2SWLFV,&$/(23DSHU
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